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Review 



There is some evidence for the antitu- 
mor effect of heparins, especially the low- 
molecular-weight ones. The authors 
discuss the potential mechanism of 
this antineoplastic effect and present 
results from several in vitro and in vivo 
experiments. The clinical trials con- 
cerning the impact of low-molecular- 
weight heparins on the tumor and on 
the patients' survival are described. The 
objective was to find out if heparins could 
be administered as an antitumor drug, 
independently of their anticoagulatory 
properties. 

The antitumor role of tissue factor, he- 
parinase, chemokines, stromal proteins, 
cellular interactions as well as angio- 
genesis and immunology seems certain. 
The results of the available studies 
seem promising but large clinical trials 
are necessary in order to confirm the 
antineoplastic effect of the low-molec- 
ular-weight heparins and to approve 
them for standard anticancer treat- 
ment. It could be a breakthrough in mod- 
ern oncology. 

Key words: heparins, cancer, tissue fac- 
tor, chemokines, cellular interactions, 
venous thromboembolism. 
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Heparins — what are they? 

Unfractionated heparin (UFH) and its derivatives, low-molecular-weight heparins 
(LMWH), are anticoagulants, from the glycosaminoglycans group [1]. LMWH, first 
introduced into treatment in the mid 1980s, have lower molecular weight than 
UFH, from which they are obtained by chemical or enzymatic depolymerization. 
LMWH differ from each other by their pharmacokinetic and anticoagulatory prop- 
erties. Their mean molecular weight is 4500-5000 Daltons (Da), with a range 
from 1000 to 10000 Da [2]. In comparison to UFH, LMWH do not inhibit throm- 
bin, as they do not possess the specific pentasaccharide sequence essential for 
interaction with antithrombin III. They neutralize coagulation factor Xa [3]. 

Heparins induce tissue factor pathway inhibitor (TFPI) secretion by the vas- 
cular endothelium, which also determines their anticoagulatory effect. They 
may bind platelets, inhibiting or stimulating their aggregation, according to 
the trial's conditions [4]. Heparins also affect vascular permeability [5], inhib- 
it endothelial smooth muscle proliferation [6] and osteoblast formation, and 
activate osteoclast production [7]. These effects are independent from anti- 
coagulation. They are shown in Fig. 1. 

Complications associated with heparins include hemorrhage, osteoporo- 
sis and hyperkalemia. Two types of thrombocytopenia after heparin admin- 
istration have been described - immunological (heparin-induced thrombo- 
cytopenia) and non-immunological. Elderly patients with a history of 
malignancy, receiving additional treatment, are particularly exposed to these 
complications [2]. 

Association of venous thromboembolism with cancer 

All three elements of Virchow's triad - hypercoagulability, hemodynamic 
changes and endothelial dysfunction - contribute to venous thromboembolism 
(VTE) in the state of malignancy. Cancer cells produce coagulation and fibri- 
nolysis modifiers such as tissue factor (TF), cancer procoagulant, human leuko- 
cyte antigen DR, the platelet aggregation/coagulation agent platelet and coag- 
ulation factor X activator, mucous glycoprotein, coagulation factor V and its 
receptor [8]. Tumor cells are also a source of cytokines stimulating the release 
of procoagulant factors by macrophages and endothelial cells. All these mech- 
anisms lead to the activation of coagulation factor X and the clotting cascade. 
In a study of patients with idiopathic thrombosis, almost 10% were diagnosed 
with cancer in 5-10 subsequent years [9]. 

Cancer as a single negative prognostic factor increases the VTE risk over 4 times, 
while chemotherapy leads to a 6.5-fold change [10]. Hemostasis disorder is the 
second most frequent cause of death among cancer patients and coagulation 
hyperactivity is confirmed among 90% of them [11]. Patients with aggressive, 
metastatic disease are at the highest risk. Adenocarcinoma of the prostate and 
colon cancer among males and lung and ovarian tumors among females are relat- 
ed to a particularly high risk of VTE [12]. Moreover, surgery, chemotherapy and 
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LMWH stimulate secretion of the endothelial TFPI (1) which inhibits TF (2) expressed on the surface of the cancer cell. TF activates the coagulation cascade 
(3) as well as stimulating growth factor and cytokine production (4). LMWH inhibit (5) cancer cell-dependent (6) platelet activation. Additionally, LMWH 
influence stromal proteins by inhibition of selectin-dependent cell adhesion (7) and endothelial glycocalyx (8). Finally, LMWH act in an anti- inflammatory 
capacity (9). 

Fig. 1. Potential mechanisms of the anticancer action of the low-molecular-weight heparins 



antiangiogenic treatment increase this risk. Finally, malignancy 
may be accompanied by VTE of untypical location [13]. 

Many patients with cancer are elderly, with prior surgi- 
cal history and decreased mobility. This coincidence of neg- 
ative prognostic factors makes estimating the VTE risk hard. 
We lack prospective studies on this topic. The risk factors are 
summarized in Table 1. 

Heparin administration among patients with 
cancer 

LMWH are administered in low doses in the primary pro- 
phylaxis and in high doses in venous thromboembolism (VTE) 
treatment. 



The principles of prophylaxis and treatment with LMWH 
among patients with cancer are described by international 
societies of clinical oncology, such as ASCO (the American 
Society of Clinical Oncology), ESMO (the European Society 
for Medical Oncology) and the National Comprehensive Can- 
cer Network (NCCN). ASCO recommendations give the 
answers to five questions: Should patients with cancer receive 
VTE prevention: 1) during hospitalization; 2) during ambu- 
latory chemotherapy; 3) around surgery? There are also guide- 
lines concerning: 4) patients with established VTE and 
5) LMWH use to improve survival [14]. 

ESMO guidelines published in 2009 are generally similar 
to ASCO's [15]. There are differences concerning patients 



8 



wspotczesna onkologia/contemporary oncology 



Table 1. Risk factors for venous thromboem 

Patient-related factors 

age 
race 

comorbid conditions (obesity, infection etc.) 
prior history of venous thromboembolism 
elevated prechemotherapy platelet count 
heritable prothrombic mutations 



ism among cancer patients [14] 

Cancer-related factors 

primary site of cancer: 
-digestive system 

- brain 

-lung 

- reproductive system 

- kidney 

- hematopoietic system 

initial 3-6 months after cancer diagi 
current metastatic disease 



Treatment-related factors 

recent major surgery 

current hospitalization 

active chemotherapy 

active hormonal therapy 

current or recent antiangiogenic therapy 

current erythropoiesis-stimulating agents 

presence of central venous catheters 

osis 



receiving hormonal therapy, adjuvant chemotherapy and with 
an implanted venous catheter, who do not require prophy- 
laxis according to ESMO. NCCN recommends prophylactic anti- 
coagulation therapy in all inpatient cases of cancer if not con- 
traindicated and in ambulatory cancer surgery patients as 
well as in medical oncology patients at risk [16]. 

Generally, most recommendations are in accordance with 
the lack of need to use LMWH for increasing survival 
among patients with malignancy. At the same time, all rec- 
ommendations suggest conducting large clinical trials on the 
positive effect of LMWH on cancer patients' survival. 

Mechanisms of anti-cancer action 

Metastasis is a multistep process. Cancer cells have to enter 
the circulatory system, evade being recognized by the 
immune cells there, adhere to the endothelium of the tar- 
geted organ and colonize its tissues. Neoangiogenesis is 
required to sustain the tumor formation [17]. A number of 
possible mechanisms of antineoplastic effect of LMWH have 
been suggested. There is evidence for heparins' inhibitory 
action on each of the above-mentioned steps as well as 
on tumor growth. The role of tissue factor, heparinase, 
chemokines, stromal proteins, cellular interactions as well 
as angiogenesis and immunology will be mentioned. 

Tissue factor - is it the key factor? 

TF forms a macromolecular complex with factor VII to acti- 
vate both factor XI and X. TheTF-factor Vila complex direct- 
ly stimulates production of growth factors, such as the vas- 
cular endothelial growth factor (VEGF), and cytokines [18]. 
It may also prolong cancer cells' survival by p44/42 MAPK 
and Jak/STAT signaling [19, 20]. LMWH stimulate secretion 
of TFPI from the vascular endothelium. TFPI inhibits the sig- 
nal for tumor growth and neoangiogenesis transferred by 
the TF [21-23]. Heparin's ability to stimulate TFPI depends 
on the weight of its molecule [24]. Heparin chains of 
6000-8000 Da are the most effective, among them tinza- 
parin with 6500 Da [25]. 

Chemokines 

The formation of metastases may be reduced because of 
chemokine receptor 4 (CXCR4) signaling inhibition by 
LMWH. The overexpression of CXCR4 has been confirmed 
in metastasizing cancer cells of many different types. In the 
target organs - lungs, liver, lymph nodes, brain and bones 
- overexpression or abnormal activity of the ligand for CXCR4, 



stromal cell-derived factor-1 (SDF-1), was found [26]. CXCR4 
contributes to the cancer cells' epithelial-mesenchymal 
transformation. 

According to a study on Chinese hamsters, LMWH (tin- 
zaparin) inhibits CXCR4-SDF1 interaction by binding SDF1. In 
that study, heparin reduced the frequency of metastases of 
breast cancer [27]. 

Stromal proteins 

Another possible mechanism of anti-tumor action is the 
influence on the endothelial glycocalyx. The damage of the 
glycocalyx by enzymes such as heparinase and hyaluronidase 
increases the vascular permeability. Glycocalyx modulates 
the cell adhesion to the endothelium by P- and L-selectins 
and syndecan-1, which also has an impact on the fibroblast 
growth factor 2 (FGF-2) and VEGF activity [28, 29]. Moreover, 
glycocalyx is a reservoir of anti-apoptotic growth factors and 
a source of pro-angiogenic proteins and cytokines that facil- 
itate tissue permeability. Therefore, it has pro-metastatic prop- 
erties. Heparin may also compete with the proteoglycan 
chains of heparin sulfate, which regulate metastasis forma- 
tion [30]. 

Trans-cellular and cellular-matrix contacts 

The anti-metastatic effect of LMWH may depend on the 
inhibition of endothelial cell adhesion. VLA4/VCAM-1 inter- 
action and selectin binding seem to be targets [31]. Selectin- 
P is expressed on activated platelets, selectin-E on activat- 
ed endothelial cells, while selectin-L is constitutively present 
on leukocytes [32, 33]. Selectins may recognize the sialyl struc- 
tures, mainly of the mucin type that are expressed on almost 
all cancer cells. A positive correlation between sialyl-Lewis 
x and poor prognosis in stomach, colon, lung, prostate and 
breast cancer was observed [32], Interactions between 
selectins, cancer cells, platelets, leukocytes and endothelial 
cells were studied in mice with different degrees of selectin 
expression. L-selectin deficiency was associated with metas- 
tasis reduction. However, the same effect was observed 
among mice with knock-out genes for both P- and L-selectins 
[34], so the two types of selectins may act synergistically. 
Heparin may inhibit both P- and L-selectins [35] as well as 
binding of sLex[36]. A single heparin dose reduces metas- 
tases in the wild type to the level of the P-selectin knock-out 
gene population [37-39]. In the P- and L-selectin deficient 
mouse, heparin did not inhibit metastases [34], but repeat- 
ed doses prolonged survival, suggesting that selectin inhi- 
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bition is only one of the mechanisms of antineoplastic action 
of LMWH [40]. Tinzaparin was confirmed to inhibit selectins 
most effectively among the LMWH [41]. 

Angiogenesis 

Heparin leads to the stabilization of proangiogenic 
growth factors stored in the extracellular matrix, of which 
the most important are VEGF and FGF-2. In an experimen- 
tal model of human colon cancer, tinzaparin administration 
24 hours after angiogenesis stimulation by VEGF led to 
a decrease of the angiogenic index to the control level [42]. 
The anti-angiogenic effect of LMWH was also studied in vit- 
ro on human umbilical vein endothelial cells. LMWH inhib- 
ited tubule formation, in a dose-dependent manner [43]. 

In the literature available, one example of a proangiogenic 
effect of LMWH in vivo was found. In this study angiogen- 
esis to the rat mesentery assays was induced by intraperi- 
toneal injection of very low doses of VEGF. Dalteparin and 
epirubicin were administered separately or in combination 
by subcutaneous infusion for 14 consecutive days. Dalteparin 
significantly stimulated angiogenesis in an inversely dose- 
dependent manner, epirubicin did not significantly affect it, 
and concurrent treatment with dalteparin and epirubicin sig- 
nificantly inhibited angiogenesis, which suggest a complex 
drug effect [44]. 

Immunology 

Another explanation of these anti-cancer properties 
may be immunomodulation. LMWH enhance the activity of 
natural killers. Heparins act through tumor necrosis factor 
and interferon activity stimulation [45]. They may also 
inhibit the activation of leukocytes, complement system and 
complement-dependent inflammation. Heparins contribute 
to neutrophil extravasation and they interfere with free oxy- 
gen radical production in neutrophils [46]. 

Heparinase - potential target 

Another possible mechanism of the antineoplastic effect 
of LMWH is the inhibition of heparinase, which may facili- 
tate stromal invasion by cancer cells. Heparins inhibit 
heparinase mRNA and activity in metastatic lung cancer in 
vivo in rats [47]. The elevated serum and urinary level of 
heparinase was confirmed among patients with aggressive 
cancer at advanced stages [48]. The heparinase activity cor- 
relates with the metastatic potential of melanoma B16 and 
Epstein lymphoma in animal models [49,50], 

Heparinase may also, independently of its enzymatic prop- 
erties, facilitate Akt-dependent endothelial cell invasion and 
migration, and may upregulate VEGF gene expression 
through Src activation [51]. 

Other possible mechanisms 

LMWH stop cell proliferation by inhibition of extracellu- 
lar signal-regulated kinase in the cancer endothelium [52]. 
Under certain experimental conditions, heparin may also 
induce apoptosis and differentiation of neoplastic cells. Addi- 
tionally, heparin regulates the expression of certain oncogenes, 
including c-myc and c-fos [53]. 



Targeted antineoplastic effect of LMWH? 

The specific mechanism of the antineoplastic effect of 
LMWH has not yet been clearly determined. Further labo- 
ratory and clinical trials are required in order to determine 
whether there is one mechanism responsible for this anti- 
tumor impact for all cancer types, or if some mechanisms 
are special for selected tumors. Surely, some processes are 
universal for the majority of malignancies, for instance the 
role of chemokines in metastasis formation [26]. Therefore, 
it seems that the effect of LMWH on them could also be pre- 
sent in all malignancies. 

LMWH as cancer progression stimulants 

Apart from the described theories of the antineoplastic 
effect of LMWH, there is still some risk of cancer promotion 
by anticoagulants. It could happen by immunomodulation 
[46] or by promotion of angiogenesis [44], as described above. 
Further research is still required. 

In vitro and in vivo studies 

The antineoplastic properties of LMWH were con- 
firmed in in vivo trials on animals. The effect of tinzaparin 
on lung metastases of melanoma B16 was studied in 
a mouse model. A single, subcutaneous drug dose before 
the cancer cell inoculation reduced metastatic tumor for- 
mation by 89% in comparison to the control. Repeated tin- 
zaparin administration once a day for 14 days before the 
cancer cell infusion caused a 96% reduction of the fre- 
quency of lung tumors. No severe adverse effects were 
observed [54]. 

In order to assess the influence of LMWH on the glyco- 
calyx, enoxaparin was administered intravenously to mice 
deprived of syndecan-1, the lack of which disturbs the struc- 
ture of the glycocalyx, and to the wild type after cancer cell 
inoculation. Almost complete elimination of metastatic 
tumors was observed in the wild type, and a lower reduc- 
tion in the knock-out mice [30]. 

As heparin administration may cause bleeding, its 
derivates characterized by no anticoagulatory properties were 
generated. Such substances- A/-acetylheparin, reduced oxy- 
heparin and /V-acetyl-reduced oxyheparin - possess anti- 
heparinase and anti-metastatic properties, although lower 
than heparin [55, 56]. This suggests that heparins with no 
anticoagulatory properties could become new anti-tumor 
drugs, individually or in combination with standard 
chemotherapy and without the risk of bleeding. 

For reasons of expediency, orally active heparin deriva- 
tives may prove beneficial in oncological treatment. The anti- 
neoplastic effect of conjugates of heparin with liposomes 
as well as heparins covered with proabsorbant substances 
were studies in vitro and in vivo [57], In an in vivo study in 
mouse, liposomic heparins were administered 20 minutes 
before and for 14 days after ES16F10 melanoma cell inocu- 
lation. The liposomic heparins dose-dependently reduced 
the number of lung metastases 2- and 5-fold, when admin- 
istered both intravenously and orally. This suggests that oral- 
ly administered heparins may become standard in onco- 
logical treatment [57]. 
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Table 2. Descriptions and results of available clinical trials concerning the antineoplastic effects of LMWH 



Heparin 


Type of cancer 


Patients' 
characteris- 
tics; n 


Comment 


Effect 


Reference 


nad roparin/ 
placebo for 
6 weeks 


metastasized 
or locally 
advanced solid 
tumors 


302 


Malignancy and Low Molec- 
ular Weight-Heparin Thera- 
py (MALT) 


In the intention-to-treat analysis the overall hazard 
ratio of mortality was 0.75 (95% CI: 0.59-0.96) 
with a median survival 8.0 months in the 
nad roparin groups vs. 6.6 in placebo 


[59] 


dalteparin/ 
placebo for 
1 year 


advanced solid 
tumors 


385 


The Fragmin Advanced 
Malignancy Outcome Study 
(FAMOUS) 


The Kaplan-Meier survival estimated at 1, 2, and 
3 years after randomization was similar (46%, 27%, 
and 21% vs. 41%, 18%, and 12%, p = 0.19); in a sub- 
group (dalteparin, n = 55; and placebo, n - 47) 
alive 17 months after randomization - Kaplan- 
Meier survival estimated at 2 and 3 years from ran- 
domization (78% vs. 55% and 60% vs. 36%, respec- 
tively, p = 0.03) 


[62] 



dalteparin/ olid tumors 
coumarin and VTE 

derivative for 
6 months 



602 



Connected to CLOT 



dalteparin for 
5-7 days and 
a coumarin 
derivative for 
6 months/dal- 
teparin alone 
for 6 months 

dalteparin with 
chemotherapy 
(cyclophos- 
phamide, 
epirubicin and 
vincristine - 
CEV) or 
chemotherapy 
(CEV) alone 



dalteparin with 
standard treat- 
ment vs. stan- 
dard treatment 
alone for 
24 weeks 



tinzaparin for 
12 weeks plus 
standard treat- 
ment in the 
local centre vs. 
standard treat- 
ment in the 
local centre 



solid tumors 
and VTE 



small cell lung 
carcinoma 



small or non- 
small cell lung 
cancer 



676 Randomized Comparison of 
Low-Molecular-Weight He- 
parin versus Oral Anticoagu- 
lant Therapy for the Preven- 
tion of Recurrent Venous 
Thromboembolism in 
Patients with Cancer (CLOT) 

84 The long-term good results 
of this trial led the authors 
to begin a new study to test 
the efficacy of extending the 
duration of LMWH adminis- 
tration for up to 1 year. In 
this study, combination CT 
will include cisplatin in limit- 
ed and extensive stage 
patients and early combina- 
tion chemo-radiotherapy 
in limited stage patients. 

2200 Fragmin® added to stan- 
(planned) dard therapy in patients 
with lung cancer 
(FRAGMATIC) 



non-small cell 
lung cancer 



800 Effect of Low Molecular 
(planned) Weight Heparin: Tinzaparin 
in Lung Tumours (TILT) 



In patients with non-metastatic cancer, a 20% [60] 

mortality rate in the dalteparin group compared 

with 36% with warfarin (HR 0.50; 95% CI: 0.27- 

0.95; p = 0.03). No benefit in patients with 

metastatic cancer (72% vs. 69%, respectively; 

HR 1.1; 95% CI: 0.87-1.4; p = 0.46). 

The respective mortality rates at six months [64] 
were 39% in the dalteparin alone group and 41% 
(p = 0.53) in the dalteparin/coumarin group 



Overall tumor response rates higher in the group [63] 
receiving dalteparin. Median progression-free sur- 
vival, median overall survival higher in the group 
receiving dalteparin. Similar improvement in sur- 
vival with LMWH treatment occurred in patients 
with both limited and extensive disease stages. 
The risk of death in the experimental group lower 
than in the control group 



Estimated Primary Completion Date: August 2012. [53] 
Primary outcome: overall survival. 
Secondary outcome measures: venous thrombotic 
event free survival, serious adverse events, metas- 
tasis-free survival, toxicity, quality of life, levels of 
breathlessness, anxiety and depression, cost effec- 
tiveness and cost utility. 

It will be one of the biggest lung cancer trials ever 
conducted in the world 

Estimated Study Completion Date: August 2015 [61] 
Primary outcome: overall 3-year mortality 
Secondary outcome: major bleedingtime, sympto- 
matic VTE events, cancer-related mortality, dis- 
ease-free survival 



dalteparin with 


mixed solid 


138 


The study became open 


No survival benefit demonstrated for LMWH in 


[65] 


standard care 


tumors 




labeled, with patients 


patients with advanced cancer 




vs. placebo 


(advanced 




receiving either LMWH 






with standard 


stages) 




injections plus standard 






care for 2 years 






clinical care or standard 
clinical care alone. 
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Clinical trials 

Clinical trials concerning the problem described may be 
divided into two main groups. The first concerns patients with 
cancer selected from the group with established VTE treat- 
ed with anticoagulants. The primary outcome is the phar- 
macokinetics of anticoagulants and the overall survival is the 
secondary one. The second branch of studies includes tri- 
als on patients with cancer without established VTE. 

ASCO carried out a metaanalysis and systemic review of 
randomized clinical trials concerning the effectiveness and 
safety of trials with anticoagulants on patients with cancer 
without VTE. In 11 studies, a significant decrease in 1-year over- 
all mortality was observed. The relative risk (RR) was 0.905 
(95% CI: 0.847-0.967; P 5.003) for all anticoagulants and 0.877 
(95% CI: 0.789-0.975; P 5.015) for LMWH [58]. Descriptions 
and results of the trials available are shown in Table 2. 

The studies described, however promising they seem, are 
limited due to the number of patients analyzed, their het- 
erogeneity, diversity of prognostic factors, outdated proto- 
col of chemotherapy and limited data on the frequency of 
adverse effects. There are expectations for the results of the 
FRAGMATIC trial (Fragmin® added to standard therapy in 
patients with lung cancer) [53]. It is a randomized, multicentre 
phase III trial assessing the effect of dalteparin added to stan- 
dard treatment for 24 weeks for patients with small or non- 
small cell lung cancer. The primary completion date for 2200 
patients should be August 2012. FRAGMATIC's results may 
prove crucial in creating new recommendations for preventive 
administration of LMWH in oncological treatment. 

The MALT (Malignancy and Low Molecular Weight 
Heparin Therapy) study included patients with advanced sol- 
id tumors of different types who were randomly assigned 
to the group receiving nadroparin or placebo for 6 weeks. After 
a year an overall survival benefit was observed among the 
nadroparin group. It was the first randomized, placebo-con- 
trolled study to observe a survival benefit of LMWH in the 
study population as a whole [59]. 

Another randomized clinical trial was carried among can- 
cer patients treated with dalteparin for deep venous throm- 
bosis either for 6 months or initially only. Mortality was 
decreased in the dalteparin group among patients with lim- 
ited disease, but not in the group with metastases [60]. 

The results of trials designed for patients with cancer with- 
out VTE are also promising. A randomized clinical trial includ- 
ed patients with small cell lung cancer, treated with either 
chemotherapy alone, or with LMWH. The mean progression- 
free survival was significantly longer for the group with addi- 
tional administration of LMWH. A survival benefit was 
observed both for patients with limited and those with 
metastatic disease [63], 

The available studies do not permit analyses of the influ- 
ence on cancer type [58]. It was suggested that the bene- 
ficial effect of LMWH on mortality is more likely for patients 
with early-stage cancer or with a more favorable prognosis 
than those with advanced disease [60]. 

Summary 

There is strong evidence that the coagulation cascade plays 
an important role in cancer metastasis and angiogenesis. The 



anti-tumor effect of heparins, particularly LMWH, has been 
confirmed. These anticoagulants inhibit cancer cell growth 
and metastasis formation in several ways. 

Differences between the antineoplastic properties of 
LMWH heparins were described. In the studies analyzed, tin- 
zaparin was often used as a representative of heparins. This 
may be related to its better vascular distribution and longer 
half-life than other LMWH [66-69]. 

Despite positive results of the in vitro, in vivo and clini- 
cal studies, international societies of clinical oncology do not 
currently recommend LMWH administration for improving 
survival. Large clinical trials are still necessary. 
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